Nematodes of the genus Setaria (Spirurida, Filarioidea) are parasites of vertebrates except fish. Dangerous are their larvae (microfilariae) that may migrate to the central nervous system of hosts causing serious neuropathic disorders of vertebrates including human. Setaria cervi, S. labiatopapillosa, and S. tundra are potential parasites in wild ruminants in Europe. The most recent studies of variability among Setaria spp. are based on a combination of morphometric and molecular methods. Although there is no clear consistency in the morphological structures used by different authors, a morphological key was compiled based on the body length, the arrangement of peribucal crown, and the number of papillae in the caudal part of the body. The barcoding system of Setaria genus is based on sequences of conserved gene polymorphisms such as COX1 and rDNA genes. The published sequences of COX1 gene in Setaria populations were analysed using in silico phylogenetic analysis by the maximum likelihood method (Tamura-Nei model). This analysis confirmed that the COX1 nucleotide polymorphisms genes are species-specific and represent the theoretical basis for the development of markers enabling barcoding system in the genus Setaria.
INTRODUCTION
Filarioid viviparous nematodes of the genus Setaria Viborg, 1795 occur in the tissues, blood, and peritoneal cavity of all vertebrates except fish. They are common in cattle and other ungulates and horses (A n d e r s o n , 2000; T u n g et al., 2003 ; N a k a n o et al., 2007) and represent the most important species of filarioids found in ruminant cloven-hoofed game (R e h b e i n , 2014). They can occur freely in the peritoneal cavity, on the surface of the intestines and mesentery, on the peritoneal wall, lungs, liver, heart, urinary bladder, uterus and fascia (D a v o o d i , 2014; S u n d a r , D´S o u z a , 2015), in the subcutaneous ligaments (H u s a k et al., 1986) and are easily visible when removing organs of the wild game (C h r o u s t , F o r e j t e k , 2010).
Six Setaria species have been registered in Europe (G i b s o n et al., 2014). The occurrence of S. cervi, S. tundra, S. transcaucasica, and S. labiatopapillosa has been proven in wild ruminants (S c h w a n g a r t , 1940; L i a n g -S h e n g , For unambiguous taxonomic classification of the genus Setaria a combination of morphometric methods and molecular techniques is essential.
Taxonomy of the Setaria genus
The genus Setaria Viborg, 1795 belongs to the order Spirurida and the superfamily Filarioidea (G i b s o n et al., 2014). Forty-four species of the genus Setaria are valid at this time occurring worldwide (Table 1) . The rather problematic discrimination of the species according to morphology suggests that some synonyms may be present in this large species spectrum (B u r g e r et al., 2006; T a y l o r et al., 2015), however, molecular approaches will help to resolve this problem in the future.
Variability of wild ruminants parasitised by Setaria species in europe
According to G i b s o n et al. (2014) , six Setaria species have been registered in Europe (see Table 1 ).
The relatively broad European occurrence of Setaria cervi has been proven in roe deer (Capreolus capreolus), red deer (Cervus elaphus), caucasian deer (Cervus elaphus maral), sika deer (Cervus nippon) and in fallow deer (Dama dama) (S c h w a n g a r t , 1940; B l a z e k et al., Setaria labiatopapillosa is the most widespread congener in Europe, and usually can be detected in cattle, sheep and goats (S o u l s b y , 1982; P i e t r o b e l l i et al., 1995; A n d e r s o n , 2000; K h e d r i et al., 2014), but the occurrence has been proven also in The species Setaria transcaucasica was also sometimes referred in deer game in Europe including Czech and Slovak Republics (K o t r l a , 1984; B a r u s , 1994; J a e r v i s , 1995). However, E n e m a r k et al. (2017) stated that the taxonomic status of this parasite is highly ambiguous as only scarce information can be found in the literature about its morfology, vectors, or mode of transmission. The authors hypothesised that S. transcausica may be the junior synonym of S. tundra. It was not possible to find any molecular data in international nucleotide databases for this species and it was therefore not included in current molecular survey.
The remaining two species are parasites of other animals: Setaria equina in horses, mules, and donkeys Adult viviparous nematode females inhabiting the peritoneal (abdominal and thoracic) cavities daily produce thousands of larvae (microfilariae) into the bloodstream of their hosts (N e l s o n , 1966). By sucking blood, microfilariae get over into the mosquito vectors (Culicidae), where, after double shedding of the cuticle (two moults), they develop into the infective L3 larval stage. When the infected mosquito is feeding again, the third-stage larva break out from the vector into the definitive host, in which it develops through two additional moults penetrating into his abdominal or thoracic cavity ( l d a c c h i n o et al., 2013) . The most common vector of S. labiatopapillosa is the mosquito Aedes caspius; congeneric species A. claviger and A. maculipennis also contribute to nematode transmission, but their rare incidence reduces their epidemiological significance (C a n c r i n i et al., 1997). Setaria tundra, abundantly occurring also in Finland, is most often transmitted by mosquitoes of the genus Aedes. Warm summers obviously support the transfer and the genesis of disease that favours the development of nematodes in vectors by forcing the reindeer to accumulate in wetlands rich in mosquitoes (L a a k s o n e n et al., 2009b). Also, the shape and location of tail appendages is species-specific. In S. tundra, as compared to other species, the appendages are less pronounced (E n e m a r k et al. Scanning electron microscopy is needed for detection of the number and location of the precloacal, cloacal, postcloacal, dorsolateral and tail papillae, observed on the caudal body end, and also for the description of the shape of mouth opening and the localization of deirids, amphids, and phasmids It should be noted that the abovementioned authors do not use a uniform terminology for the description of morphological body structures and their conclusions are based on the evaluation of different morphological traits. However, a key was designed to identify the Setaria species parasitising on wild ruminants in Europe (Table 2) 
Variability of morphological and biometric traits in

Variability of Setaria spp. determined by molecular methods
Molecular data have become widely used to aid rapid assessment of species diversity of different organisms. DNA barcoding involves sequencing of one or a number of genes from several representatives of a species, as well as comparisons of these sequences within and between species. The performance of DNA barcoding with different parameters was compared measuring the strength of correlation between morphological and molecular identification approaches and different combinations of data handling were compared in order to provide a stronger tool for easy identification of filarioid worms (F e r r i et al., 2009).
This review was focused only on Setaria species that are referred from Europe, without regard to the nematode hosts. However, no molecular data about the species S. transcaucassica are available. Totally 122 records characterising nucleotide sequences of Setaria species saved in the database of the National Center for Biotechnology Information (NCBI) were analysed. Most records represent conserved gene sequences, such as nuclear and mitochondrial rDNA genes or COX1 gene for mitochondrially encoded cytochrome c oxidase I. The minimum nucleotide record refers to the structural genes, for example, the IFP gene for intermediate filament protein (T a k e s u e et al., 2015), the gene encoding heat shock protein 70 (J a y a s e n a et al., 1999), MLC-3 gene for alkali myosin light chain (M u r u g a n a n t h a n et al., 2009), gene for actin (C h a n d r a s e k h a r a n et al. , 1996) .
Because most DNA barcoding systems are based on sequential polymorphisms of conserved genes, this study was focused on the use of nuclear and mitochondrial rDNA genes in taxonomy of the Setaria genus (Table 3) . Although there is a relatively large number of rDNA sequential records in the NCBI database, it should be noted that the published sequences often have a different origin and character. Table 3 shows that the data used here came not only from the European populations. The different character of the sequences results, in particular, from their length variability. The vast majority of the sequences Count of postcloacal papillae pairs ♂ 4 4 1 not specified Table 3 . Sequences of nuclear and mitochondrial rDNA genes used for study of the Setaria genus variability Species Nuclear rDNA genes for 18S rRNA-ITS1-5.8S rRNA-ITS2-28S rRNA Table 3 represent partial sequences of the rRNA genes. Complex sequences were obtained only in projects aimed at sequencing the entire mitochondrial genome (Y a t a w a r a et al., 2007, 2010; L i u et al., 2017) . Sequences of rDNA genes were obtained with different intent, for example, for phylogenetic studies, the identification of mature specimens obtained from dissections or from preserved collections, or the diagnosis of microfilariae in hosts and vectors.
What is the information impact of the sequences published in the database for the study of interspecific and intra-species variability of the Setaria genus? To answer this question, this study was targeted on the mitochondrial COX1 gene which is most commonly used for barcoding (Table 4) . Because the obtained COX1 gene sequences in Table 4 represent variable regions, this review was focused on the 573 bp region which was acquired by all authors.
The MAFFT version 7 software (K a t o h , T o h , 2008) was used for multiple sequence alignment (G-INS-i iterative refinement method). In aligned haplotype sequences only one S. cervi haplotype, six S. digitata haplotypes, one S. equina haplotype, two S. labiatopapillosa, and eight S. tundra haplotypes were revealed. We hypothesised that if the haplotype sequences have a sufficient interspecific polymorphism, the Setaria species will be separated into separate clades in the phylogenetic tree. The software jModelTest 2.1.10 v20160303 (D a r r i b a et al., 2012) was used for an optimal substitution model selection. Subtree Pruning and Regrafting method (SPR) was used as a tree topology search operation. The best substitution model was chosen according to Akaike Information Criterion (AIC) (Akaike, 1973) , Bayesian Information Criterion (BIC) (Schwarz, 1978) and Decision Theory Performance-Based Selection (DT) (Minin et al., 2003) . Phylogenetic analysis was conducted with PhyML 3.0 (G u i n d o n , G a s c u e l , 2003) . The evolutionary history was inferred by using the maximum likelihood method based on the Tamura-Nei model (TrN + G) (T a m u r a , N e i , 1993) . A discrete Gamma distribution was used to model evolutionary rate differences among sites. The bootstrap consensus tree, inferred from 1000 replicates, was used to represent Setaria species evolutionary history. COX1 gene sequence (G h e d i n et al., 2007) of Brugia malayi was used as outgroup. Branches corresponding to partitions reproduced in less than 60% bootstrap replicates were collapsed. The result of the in silico analysis is a phylogram presented in Fig. 1 , which clearly shows clades corresponding with studied Setaria species.
It was confirmed, that molecular markers based on COX1 gene polymorphisms discovered by authors cited in Table 3 are suitable tools for reliable differentiation of Setaria species. In aligned haplotypes based on sequences cited in Table 3 were discovered 62 SNPs which have a potential to be used as the barcoding system of Setaria genus based on polymerase chain 
CONClUsION
The conclusions resulting from this review can be summarised as follows: (1) The occurrence of six Setaria species was demonstrated in Europe, but only S. cervi, S. labiatopapillosa, and S. tundra can be considered as potential parasites of wild ruminants. The validity of the other species S. transcaucasica, referred sometimes from European deer, need further evaluation. (2) The study of interspecific variability using morphometric traits is based on the description of three-dimensional structures in the cephalic and caudal part of the body of adult individuals. (3) For unambiguous taxonomic classification of Setaria spp. a combination of morphometric methods and molecular techniques is essential. Barcoding system is based, in particular, on the evaluation of SNPs of conserved genes. (4) It was demonstrated that the published sequences of mitochondrial COX1 gene are suitable for the development of various types of markers aimed at the study of Setaria interspecific variability. 
